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Abstract. Among the different recent technologies to be applied for marine food preservation, 
hydrostatic high pressure (HHP) processing has attracted great attention. HHP has shown to be 
profitable by inactivating microbial and endogenous enzyme activities; however, deteriorative 
problems have been encountered with chemical constituents, these leading to marked quality losses 
related to the general appearance of the product and a consumer acceptance lowering. The present 
work was focused on the sensory and physical changes of chilled fish that was previously treated 
with HHP technology. For it, farmed coho salmon (Oncorhynchus kisutch) was chosen, because of 
its increasing farming production and commercial interest. As previous treatment, three different HHP 
conditions (135 MPa-30 s; 170 MPa-30 s; 200 MPa-30 s; treatments T1, T2 and T3, respectively) 
were tested and compared to untreated fish (control). Sensory (rancid, amine, typical and putrid 
odours, colour, general aspect, hardness, cohesivity) and physical (gaping, firmness, deformation 
and colour) parameters were analysed on chilled muscle after 0, 6, 10, 15 and 20 days of storage. A 
22 fractional factorial design was applied to identify the significant (p<0.05) variables of the HHP 
process. Comparison among conditions showed that control and T1 batches provided lower 
variations in sensory and physical properties (namely, lightness and rancidity and putrid odours) than 
the two other HHP conditions; indeed, the best gaping degree retention was observed in fish 
previously treated under T1 condition. It is concluded that T1 condition followed by chilled storage 
can provide an effective combination to maintain sensory and physical properties of chilled fish. 
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Introduction 
During fish chilled storage, significant deterioration of sensory quality and nutritional value has 
been detected as a result of endogenous muscle enzyme activity and later on by microbial enzyme 
activity (Whittle, Hardy, & Hobb, 1990). The food industry is expected to prevent negative changes 
in food quality over storage time to provide foods showing highly accepted properties such as 
colour, texture and flavour, as well as to adapt and develop new processing technologies to obtain 
safe and highly nutritional foods. As with heat treatment, high hydrostatic pressure (HHP) 
processing inactivates microorganisms and endogenous enzyme activities, this extending the shelf 
life of food products. Contrary to heat treatment, HHP processing can maintain the fresh food 
properties (Norton, & Sun, 2008). However, in the case of marine foods, previous research has 
shown deteriorative changes of chemical constituents as a result of previous HHP treatment 
(Ortea, Rodríguez, Tabilo-Munizaga, Pérez-Won, & Aubourg, 2010) that may lead to quality losses 
related to the general appearance of the product and a consumer acceptance lowering. The 
present work was focused on the sensory and physical changes of chilled coho salmon 
(Oncorhynchus kisutch) that was previously HHP-treated. 
Material and Methods 
Thirty coho salmon specimens (Oncorhynchus kisutch), harvested at 30-week age and weighing 
2.9 ± 0.1 Kg, were obtained from an aquaculture facility (AquaChile S.A., Puerto Montt, X Region, 
Chile). Salmon were HG-type processed (headless, gutted and gills cut) and packed in polythene 
bags covered with flake ice, packed in insulated boxes and transported by air 
mail to the laboratory.  
The high-pressure equipment employed consisted of a cylindrical loading container provided with a 
2-L pilot unit (Avure Technologies Inc., Kent, WA, USA). The fish was filleted, portioned (weight 
range: 137.5 ± 0.1 g) and placed in flexible polyethylene bags. Three different HHP conditions (135 
MPa-30 s; 170 MPa-30 s; 200 MPa-30 s; treatments T1, T2 and T3, respectively) were tested and 
compared to untreated fish (control). A 22 fractional factorial design was applied to identify the 
significant (p<0.05) variables of the HHP process. Sensory descriptors (rancid, amine, typical and 
putrid odours, elasticity, cohesivity, total quality and Roche colour Fan were evaluated by 
quantitative descriptive analysis (QDA) by a trained panel of 10 panellists. Related to physical 
properties, gaping, firmness, deformation and colour parameters (CIE 1976 L*, a*, b* space) were 
checked. All parameters were analysed on chilled muscle after 0, 6, 10, 15 and 20 days of storage 
(n=3). Data from the different assays were analysed by multifactor analysis of variance ANOVA 
and differences between specimens, panellists, and treatments by Tukey test. The statistical 
program used was Statgraphics plus statistical graphics software Corporation (Manugistics Inc., 
Rockville, USA).  
Results and Discussion 
Results obtained for physical and sensory parameters (days 0, 10 and 20) are shown in Tables 1 
and 2, respectively. In all cases (control and HHP-treated fish), chilling time led to a significant 
(p<0.05) effect on physical and sensory properties, so that a quality loss was produced throughout 
the storage.  
Comparison among treatments showed that control and T1 conditions led to a lower lightness 
increase and a lower rancid and putrid odour development than their counterpart T2 and T3 
conditions. T1-treated fish showed up to day 20 of chilled storage a gaping degree bellow degree 
4, which represents the acceptance limit of commercial salmon; meantime, both T2 and T3 
treatments led to degree 5, while control fish was degree 4. None of the HHP conditions exceeded 
the maximum pH value of 6.8, which represents the maximum extent permitted. 
 3 
Conclusions 
 
Previous research (Aubourg, Tabilo-Munizaga, Reyes, Rodríguez, & Pérez-Won, 2010) had shown 
that T1, T2 and T3 HHP conditions were profitable to partially inhibit microbial activity during coho 
salmon chilled storage. Present results have shown that T1 condition provides an effective 
combination in order to better maintain sensory and physical properties of this fish species. 
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Table 1. Effect of HHP treatment on physical properties in chilled salmon. For each parameter, 
mean values preceded by different letters indicate significant (p<0.05) differences. 
 
T1 T2 T3 
Parameter 
Chilling 
time (d) 
Control 
 135 MPa-30 s 170 MPa-30s 200 MPa-30s 
0 y49.0 (1.4) x47.2 (0.9) x,y48.6 (0.8) x,y48.5 (1.6) 
10 y51.0 (1.3) x48.5 (0.7) z53.7 (1.4) y51.5 (1.1) 
L*  
(lightness) 
20 x50.9 (1.3) x51.1 (0.8) y52.9 (0.6) z54.2 (0.5) 
0 34.9  (0.2) 35.1 (1.4) 34.6 (1.3) 34.6 (1.5) 
10 x32.2 (1.0) y36.0 (0.7) x32.6 (2.3) x33.2 (0.1) 
a*  
(red-green) 
20 z36.0 (0.6) y33.1 (1.4) y33.3 (1.9) x31.5 (1.1) 
0 y35.9  (0.2) x33.9 (1.4) x33.2 (1.3) x33.5 (1.5) 
10 y34.5 (1.0) z36.5 (1.3) x32.6 (1.2) x33.3 (0.6) 
b*  
(yellow-
blue) 20 z36.3 (0.5) y34.1 (0.7) x32.5 (1.5) x31.7 (1.3) 
0 y10.6 (0.65) x6.66 (2.01) x7.39 (2.68) y10.27 (2.24) 
10 y8.17 (1.89) x4.93 (2.25) y7.57 (1.90) y8.77 (1.75) 
Firmness  
[N]  
20 y27,56 (3.30) x15.67 (3.14) x11.62 (5.58) x16.24 (1.07) 
0 1 2 2 3 
10 2 2 1 2 
Gaping 
[Grade] 
20 4 3 5 5 
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Table 2. Effect of HHP treatment on sensory properties of chilled salmon. For each parameter, 
mean values preceded by different letters indicate significant (p<0.05) differences. 
 
T1 T2 T3 
 Descriptors 
Chilled 
time 
(days) 
Control 
135 MPa-30 s 170 MPa-30 s 200 MPa-30 s 
0 x7.5 (0.2) z8.9 (0.4) z8.6 (0.7) y8.2 (0.7) 
10 x5.8 (0.2) y6.0 (0.3) z7.0 (0.2) x,y5.9 (0.4) Typical odour 
20    z3.0 (0.4) x1.7 (0.3) y2.6 (0.4) z3.1 (0.3) 
0 x0.2 (0.1)  z0.6 (0.1) z0.6 (0.1) y0.5 (0.1) 
10 x1.8 (0.2) x1.9 (0.2) y2.5 (0.3) y2.4 (0.3) 
Rancid odour 
 
20 x,y3.9 (0.3) x3.8 (0.2) z5.0 (0.3) y4.0 (0,3) 
0 x0.2 (0.1) x0.2 (0.1) y0.3 (0.1) y0.4 (0.1) 
10 x1.3 (0.2) x1.3 (0.2) y1.5 (0.2) z1.6 (0.2) 
Putrid odour 
 
20 z4.3 (0.3) x3.3 (0.3) y3.8 (0.2)  y3.7 (0.3) 
0 x0.2 (0.1) x0.2 (0.1) xy0.2 (0.1) y0.3 (0.1) 
10 x1.1 (0.2) x1.1 (0.1) z1.6 (0.2) y1.3 (0.2) 
Amine odour 
 
20 y5.5 (0.5) y5.5 (0.4) y5.4 (0.3) x4.2 (0.3) 
0 y7.4 (0.3) y7.3 (0.3) x,y7.1 (0.4) x6.9 (0.3) 
10 z6.4 (0.3) y6.1 (0.2) x5.9 (0.2) y6.1 (0.3) Elasticity 
20 y4.7 (0.3) z5.2 (0.2) x3.9 (0.3) y4.8 (0.3) 
0 x7.2 (0.3) y7.9 (0.4) x7.2 (0.4) x7.4 (0.3) 
10 y6.4 (0.3) y6.6 (0.3) x5.9 (0.3) y6.5 (0.3) Cohesiveness 
20 x4.6 (0.3) y5.3 (0.2) x4.6 (0.3) y5.3 (0.4) 
0 x,y26  (1) y27 (2) x,y26 (1) x25 (1) 
10 x25 (1) y26 (1) y26 (1) x25 (1) Roche Colour 
20 x23 (1) y24 (1) y24 (1) y24 (1) 
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